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INTRODUCTION 
Most soils in Brazil are Oxisols (Ferralsols-F AO) and Ultisols (Acrisols-F AO), which cover 
approximately 70% of the national territory (EMBRAPA, 1981). These soils usually have low 
base saturation, low cation retention capacity, high exchangeable aluminum content and a 
mineralogkal composition predominated by kaolinitic or oxidic materials. Under natura! 
conditions, pH values are smaller than 5.5 associated with high levels of exchangeable 
aluminum. Exceptions within the Oxisol order are found in the greatgroups of 'Eutrustox' and 
'Eutorthox', corresponding with the 'eutric' termînology of the Soil Taxonomy (Soil Survey 
Staff, 1975) and FAO-UNESCO system (1989). 
Ferralsols are usually deep, porous, well aggregated and highly permeable soils of the tropics. 
They have low base saturation and pH values ranging from 4.0 to 5.5. Frequently, the pH 
measured in KCl is higher than the pH measured in water. This is characteristic for the presence 
of clay minerals with a pH-dependent charge, which usually occur in the deeper horizons of 
Acrustoxs and Acrorthoxs (Soil Survey Staff, 1975). Ferralsols occur on old geomorphic surfaces 
and were developed through processes of intensive weathering under predominant climatic 
conditions of high temperature and rainfall. 
The acid Acrisols are moderately deep to deep with an argillic B horizon, low base saturation 
and low cation retention capacity. They usually have a textural gradient between the A and B 
horizon with a pronounced accumulation of clay in the B horizon. As a result, Acrisols are less 
permeable and more susceptible to water erosion, especially where slopes are steep. Like most 
Ferralsols, Acrisols are developed from base-depleted parent materials which results in acid soils 
of relatively low natural fertility. Nonetheless, the permanent cation exchange capacity of 
Acrisols is usually higher that of Ferralsols (Pratt and Alvahido, 1966). 
Other acid soils are found in the tropics on large areas of sandy materials derived from acidic 
sandstone. These are mostly Ferralic, Albic, and Haplic Arenosols (Red and Yellow Quartz 
Sands). The Quartz Sands normally have less than 15% clay, a very low water and cation 
exchange capacity, low organic matter content and very low natura] fertility. There are also 
significant areas of Histosols and Podzols that are generally acid under natural conditions. 
Soil minerals, mainly those in the clay fraction, affect cation retention in different ways. 
Minerals in the sand fraction may be considered to be inactive due to their low specific surface 
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charge. However, they may become important sources of plant nutrients upon weathering 
(Resende et al., 1988). 
The 'dystric', 'acric' and 'allic' designations used in Soil Taxonomy (Soil Survey Staff, 1975) 
and the FAO Classification System (FAO-UNESCO, 1989) are helpful in identifying areas of 
acid soils around the world using available soil maps. 
ORIGIN AND NATURE OF SOIL ACIDITY 
Causes for soil acidity may be related to pedogenesis, soil parent materials originally poor in 
bases, and extreme weathering processes leading toa low cation exchange capacity. Other causes 
for soil acidification are the addition of anions to the soil solution and, most relevant, the use 
of acidifying fertilizers, resulting in base lixiviation (Raij, 1981 ). 
Raij (1981) described two ways in which anions can be addeJ iu ihe suil solution without the 
original, corresponding cations. Firstly, the natura! dissociation of carbon dioxide which produces 
hydrogen and bicarbonate ions. The hydrogen ion is immediately transferred to the mineral 
surface, liberating an exchangeable cation that may be removed by lixiviation with a bicarbonate 
ion. Secondly, through the use of acidifying fertilizers such as ammonium sulphate. The 
ammonium (NH4+) added to the soil is transformed in nitrate (N03), causing the transfer of basic 
cations to the soil solution and their lixiviation through the profile. The same process of 
acidification occurs when the ammonium originates from the mineralization of organic matter. 
Soil acidity and exchangeable aluminum concentrations are correlated. According to Sanchez 
(1976) aluminum is precipitated above a pH of 5.5. These pH values correspond with medium 
to high base saturation levels. 
The determination of soil acidity is of permanent concern in soil fertility management. Soil 
chemists are constantly trying out methods that take into account the effective exchange capacity 
of the soil, the organic matter content, the texture, and the pH-dependent charge ofvarious clays 
minerals. 
ACIDITY PROBLEMS, SOIL MANAGEMENT AND EFFECTS ON 
CROP PRODUCTION 
Sanchez (1976) observed that acid soils in the tropics are mostly characterized by aluminum 
toxicity, calcium or magnesium deficiency and manganese toxicity which affect root 
development and cation uptake by plants. 
Unless tolerant varieties are selected, soil acidity is likely to affect the production of sensitive 
crops. Research with acid soils in savannah areas has shown that proper soil and water 
management can improve food production (Comell University Annual Report, 1973). Deep 
incorporation of lime increased the depth of rooting as a result of which crops can make better 
use of soil moisture reserve during a dry period. 
Although liming of acid soils increases erop production, over-liming may have disastrous 
results (Kamprath, 1971 ). Over-liming decreases the availability of phosphorous, baron, zine and 
manganese for plants (Quaggio, 1985) and it induces soil structural deterioration (Sanchez, 
1976). It may also induce a decrease in the rate of nitrogen microbial fixation in leguminous 
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species, due to the reduced availability of zine, molybdenum, manganese, and also affect soil 
microbial activity. 
The general recommendation is that highly weathered, acid soils of the tropics should be 
limed to a pH between 5.5 and 6.5, depending on the erop variety. Management practices for 
acid soils should have, as the main objective, the identification of the best economie amount of 
lime needed, the selection of aluminum tolerant species, and the incorporation of lime. The latter 
in order to stimulate vertical root development whereby soil moisture reserves in the underlying 
horizons can be accessed (Sanchez, 197 6). 
MODIFICATION OF SOIL ACIDITY 
Liming 
There are several methods to determine lime requirements. Kamprath (1970) recommended 
that liming must be based on the amount of aluminum in the topsoil multiplied by 1.5 to find 
the millimoles of calcium needed. In soils with high organic matter content this factor must be 
higher (between 2 and 3) to balance for the presence of hydrogen ions (Sanchez, 1976). 
Three methods are well accepted in Brazil to determine the lime requirement: (a) increasing 
the base saturation; (b) use of SMP-buffer solution (Shoemaker et al.); and ( c) the neutralization 
of aluminum and raising of the concentration of calcium and magnesium (Raij, 1981). The first 
method (a) is based on the estimation of the amount of lime needed to reach a certain pH value 
according to the equation: pH= 4.5 + 0.025xBS%. In the SMP-buffer solution method, a small 
amount of soil is mixed and stirred with a certain volume of the buffer solution. The pH of the 
suspension is then determined (pH SMP) and then compared with values of lime needed to reach 
a pH of 5.5, 6.0 and 6.5. The third method (c), in which exchangeable aluminium is neutralized 
and the concentration of calcium and magnesium in the soil is increased, is dependent on several 
equations which vary with erop variety and soil type. 
In 1985, only 5.6% of Brazilian farmers limed their soils. In the State of Sao Paulo, the 
largest consumer of lime, 21.4% of the farmers use lime to remedy soil acidity. Other statistica! 
data for Brazil show that about 20% of the applied fertilizer is lost in acid soils. One of the 
reasons for this loss of fertilizer is the low fertilizer/lime ratio (Table 1 ). 
Table 1 Changes in lime consumption, fertilizer consumption and the fertilizer/lime 
ratio (xl03 ton) 
Year Fertilizer (A) Lime (B) 
1988 10,085 
1989 9,019 
1990 8,325 
1991 8,600 
!deal 
15, 152 
14,446 
9,493 
9,000 
Source: Ferreira and Santos (1992) 
Ratio (A:B) 
1: 1.5 
1:1.6 
1:1.1 
1: 1.0 
1:4.0 
Col/ections and Databases (NASREC) 
The consumption of lime has decreased in Brazil since 1984 (Table 2), mainly due to 
inadequate agricultural policies, the high cost of transportation, and insufficient extension 
service. 
Table 2. Yearly consumption of lime in Brazil (xl06 ton) 
Year 
1984-87 
1989 
1990 
Consumption 
13 
15 
9 
Note: consumption needs are 53xl0'' ton of time. Source: Rocha (1985) 
Gypsum 
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Application of gypsum is effective in lowering the concentration of exchangeable aluminum 
in acid tropical soils (Seminário "., 1992). In Brazil, gypsum is a byproduct of the treatment of 
phosphate rock with sulphuric acid in the industrial production of phosphorous. For each ton of 
P20 5 produced there are about 4 to 5 tons of gypsum. In 1991, the phosphorous fertilizer 
industry had accumulated 31x106 ton of gypsum. This amount is estimated to increase at an 
annual rate of 3 .4xl 06 ton. Gypsum needs are estimated as a function of concentration of calcium 
and aluminum in the soil. Gypsum needs are confirmed when Cai+ is less than 3.0 mmol0 dm·3 
and/or Al3+ is higher than 5.0 mmol0 dm·3 • The amount of gypsum to be incorporated depends 
on soil texture. 
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